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@ Addition polymerixation catalyst with oxidative actKatlon. 
' is an integer. especiaBy 1 ; 

M is 8 Groop 4 or Unthanide metal, especially titanium or zirconium ; 
atoms^UoTtSLS;;''*^^ »V « gennyl group having up to 20 carton, silicon or gennani^n 
A- is a monovalent compatible noncoordinating anion. espedaRy DerfiiJorotetraBh»iwi h«»i. - 

/V B a oorr^Oile noncoordinating anion ; and 

b and d are integers selected Id provide charge balance. 
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This invention relates to compositions of matter that are useful as catalysts, to a method for piepartng the 
compositions ol these catatysts. and to a method of using the compositions as addition polymerization catalysts. 
More particidafly. this invention relates to catalysl compositions, to a method of preparing these catalyst compo- 
sitions and to a method for polymerizing defins. diolerms and/or acetylenicaDy unsaturated monomers vvherein 
s these catalysts are used. 

The use of 2iegter-Natta type catalysts in the polymerizatiofl of addition polymerizable monomers is, of 
course. weR known in the prior art in general, these soluble systems comprise a Group 4 or l^nthanide metal 
compound and a metal ahyl cocalalyst particiriarty an ahimlmim alkyl oocatalysL 

In EP-A4)27 7.004 there are disclosed certain t>is(cydopemadienyl) metal compounds formed t»y reacting 
10 a bis(cydopentadienyI) metal complex with salts of Bronsted acids containing a norvcoordmating conq>atibla 
anioa The reference discloses the fad that such complexes are usehiDy employed as catalysts in the polym- 
erization of olefins. For the teachings contained therein the aforementioned EP-A*O277,004 is herein inovpo- 
raled In its entirety by reference thereto. 

Dtsadvantageoi^ it has now been found that catalysts prepared according to the foregoing technique are 
15 detrimentalty affected by the presence of by-product amine or phosphine compounds resulting from the catalyst 
formation. That is. the procedure of CP-A-0277.004 invo^e$ an irreversible reaction between a ligand of the 
metal compound and a catnn of the Bmnsled acid sail In practice such cations are generally trialkyi ammonium 
or phosphonium ions that result in the formation of a tertiary amine or phosphine by proton transfer to the ligand 
during catalyst formation. Such amine or phosphine compounds are undesirable components of the resulting 
30 catalyst due to their inhitMting effect on addition polymerizations. 

It would be desirable H there were provided a addition polymerization catalyst that is activated in a manner 
that forms only noninterfering and inert by-pmducts. 

In J. Am. Ch. Soc. 109.411 1-4tl3 (1987) Ihere is disclosed a process tor preparation of cationic zirconium 
(IV) benzyl complexes by one electron oxidation of d* organometaDic compounds. The solvents employed In 
25 the preparation ol the zirconium metaOocenes were tetrahydrofuran or methylene chloride both of which inter- 
fere with the desired catalyst fonmalion and or detrimentally affect subsequent olefin polymerizations. In addition 
the reference employed an oxidizing agent containing tetraphenylborate. Such anions, tt has now been discov- 
ered, are unacceptable for use in an oxidation activation process for preparing addition polymerization catal- 
ysts, 

X It has now been discovered that the foregoing and other disadvantages of the prior ait ionic olefin polynv 
eraation catalysts can be avoided or at least reduced with the catalysts of the present invention. In addition 
an improved catalyst activation procedure and improved addition polymerization processes are provided 
according to the present invention. It is. therefore, an object of this invention to provide improved ionic catalyst 
systems which are useful in the polymerization of addition polymerizable monomers Including olefins. dtoJefms 
35 and/or acetylenically unsahjrated monomers. It is another object of this invention to provide a rathod for prep- 
aring such improved catalysts, ft is a further object of this invention to provide an in^Moved polymerization pro- 
cess using such inproved catalysts. It is stiQ another object of this invention to provide such an nmproved catal- 
yst which is not subject to formation of interfering compounds. Finaly it is an obiect of this invention to provide 
such an improved caiatysl which may permtt better control of the product polymer molecular weight and mdecu- 
40 lar weigitt distribution. 

In accordance with the present invention there is provided a catalyst useful for addition polymerizations, 
which catalyst is substantially lacking in amine bypioduds. said catalyst corresponding to the formula: 
L#, MX* A*, wherein: 
L irulependently each occurrence b a ligand or ligand system; 
<5 Misametalof group 4 or Lanthanide series of the Periodic Table of the Elements; 

X is hydride or a hydrocaibyl. silyl or germy) group having up to 20 carbon, silicon or germanium atoms: 
f is an integer greater than or equal to 1: and 
A' is a monovalent compatible noncoordinating anion. 
Preferably M b a metal of group 4 of the Periodic table of the Elements, most preferably titanium or zir- 
50 coniunv Also, preferably X is hydride or C,-Cio hydrocarbyl. 

Fuilher in aooordanoe with the present invention there is provided a process for preparing the above add^ 
tion polymerisation calaJysi comprising contacting a derivative of a group 4 or Lanthanide metal corresponding 
to the formula: 

MX2. wherein 
S5 1^ f . M. and X are as previously defined. 

with an oxidizing agent which in reduced form is noninterfering with the resulting catalyst, said oxidizing 
agent comprisirtg a cationic oxidizer and a compabble noncoordinating anion. 
The oxidizirig agent oonesponds to the formula: 
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iOx*'wn, (I) 

wherein: 

Ox*' is B non-Bronsledacid. cationic oxidizer having a charge of («a) capable of oxidising the derivative 
of a Group 4 or Lanlhankfe metal: 
5 A* b as previousiy defined; and 

b and d are integers selected to provide charge t>alance. 
The catalysts may be prepared by contacting the de rivative ol a Group 4 or Lanthaiiide metal with the oxidi- 
zing agent opibnafly in an herl diluent such as an organic liquid. 

An reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, 
10 published and copyrighted by CRC Press, Inc.. 1989. Also, any reference to a Group or Groups shall be to the 
Group Of Groups as reflected in this Periodic Table of the Elements using the lUPAC system for numbering 
groups. 

The term ligand or flgand system* refers to any ancillary, electron donating or etectron sharing moiely. 
Such ligands indude anionic ligands and neutral donor ligands. 
IS Illustrative but nonlimiting examples of suitable anionic ligands include: R. -R'(OR')„OR, (OR')a,OR. -PRj, 
-SR. -OR. -MR}, hydride, and organometatloid radicals comprising a Group 14 element wherein each of tho 
hydrocarbyl substituents contained in the organic portion of said organometalloid. independently, contains from 
1 to 20 carbon atoms. In these ligands: 

R is a hydrocarbyl. silyl. gennyl or a subslftuted hydrocarbyl. silyl. or germyl group of from 1 to 24 carbon. 

20 silioon. or gennanlum atoms; 

R' is Ci-n alkyfene. and 
m is an integer from zero to ten. 
niustratfve but nonlimiting examples of suitable neutral donor ligands (L*) indude: ROR, NR,. PR,, and 
SRj wherein R is as above defined. 

21 The tenn 'cationic oxidizer* as used herein refers to an organic or inorganic ion having anoxidation potential 
sufficient lo cause a molecular oxidation of the derivatrve of a Group 4 or Lanthanide metal so as to form a 
catalyl'c species. Generally and preferably the Group 4 or Lanthanide metal of the derivative compound b 
already in the highest atomic oxidation state. The process of the invention involves a mpleciilar oxidation. Most 
preferred cationic oxidizers have an oxidation potential of at least ^0^0 volt and preferably at least ■»0.25 volk 

30 Cationic oxidizers are not Bronsted adds. 

As used herein, the recitation 'compatible rwncoordinab'ng anion* means an anion which when functioning 
as a charge balancing anion in the catalyst system of this invention does not transfer an anionic sut»stituent or 
fragment thereof to any cationtc spedes thereby forming a neutral Group 4 or Lanthanide metal product 'Com- 
patible anions* are anions which are not degraded to neutrality during caiaiysl preparation or use. 
35 The redtation "metaQoid*. as used herein, indudes nonmetals such as boron, phosphorus and the Hke 
which exhibit semknetaOic characteristics. 

Further prefened derivatives correspond to the fonnula: L'MXj, wherein: 
L' is a derivative of a substituted cydopentadienyt or similar delocalized n-bonding group imparting a 
constrained geomebry to the metal active sile and containing up to 20 nonhydrogen atoms: and 
40 M and X are as defined above. 

By use of the term 'constrained geometry* herein is meant thai the metal atom is forced to greater exposure 
of the active metal site because of one or more substituents on the cyclopentadienyl or substituted cydopen- 
tadienyt group forming a portion of a ring structure wherein the metal is both bonded to an adjacent covalent 
moiety and is held in association with the cydopentadienyt or substihjted cydopentadienyl group through an 
45 v^ft or other D-bonding inleractioa It is understood that each respective bond between the metal atom and the 
constituent atoms of the cydopentadienyl or substituted cydopentadienyl group need not be equivalenL That 
is. the metal may be symmebically or unsyimnetricaBy n-bound to the cydopentadienyl or substituted cydopen- 
. tadienyl group. 

The geometry of the acth^e metal site is hirther defined as follows. The centroid of the cydopentadienyl or 
so substiMted cydopentadienyl group may be defined as the average of the respective X. Y. and 2 coordinates 
of the atomic centers forming the cydopentadienyl ot subsbhited cydopentadienyt group. The angle, e. fomttd 
at the metal center between the centroid of the cydopentadienyl or sutystituted cydopentadienyl group and each 
other ligand of the metal complex may be easBy calculated by standard techniques of single crystal X-ray dif- 
fraction. Each of these angles may increase or deaease depending on the molecular struchire of the con- 
55 strained geometry metal complex. Those complexes wherein one or more of the angles. ©. is less than in a 
similar, oomparath^e complex differing only in the fad that the oonstrain-inducing substituent is replaced by hyd- 
rogen have constrained geometry for purposes of the present invention. Preferably one or more of the above 
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angles, e, deaease by at least 5 percent, more preferatily 7^ percent, compared (o the comparaUve complex. 
HigtHy prefarably, the average value of aB bond angles. 6. is also less than in the comparative complex. 

PiefefaWy.monocydopenladienyl metal coordination complexes of 9roup4orl3nthana 
to the present invention have constrained geometry such that the smanest angle, e. is less than 115». more 
5 prererabfy less titan 1 10*. most preferably less than 105*. 

K^hly pnefeired derivative conipounds are monocydopeniadlenyl compounds oonespondtng to the for- 
mula: 



\ 

(X)2 



wherein: 

M is titanium or 2 vconiuiTV 

Cp* is a CyclOpentadienyl or substituted cyctepenladienyt group bound In arni* bonding mode to M; 
Z b a divalent moicly comprising oxygen, boron, or a member of group 14 of ttie Periodic Table of the 
Elements; 

Y b a linking grtMp comprising nilrogen. phosphorus, oxygen or sulfur or optionally 2 and Y together 
form a fused ring system; and 
X b as previously defined. 
After moleciiar oxkfation. the highly preferred catalysts of the invention conespond to the formula: 



\ 
X 
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wherein Cp*. 2, M. X and A" are as previously defined. 

35 Each cartxm atom in the cydopeniadienyl radical may be substituted or onsubstituted wiih the same or a 
diflerenf radical selected from Ihe.group consisting of hydrocaibyl radicals, subsiiiuied-hydrocarbyl radicals 
wherein one or more hydrogen atoms b replaced by a halogen atom, hydiocarbyl-subsiituied metaDoid radicab 
wherein the metaDoid b selected l^om Group 14 of the Periodic Table of the Etemenis. and halogen radicals. 
In addition two or more such substituents may together fonm a fused ring system. Suite ble hydrocarby! and sub- 

40 stihited^ydrocarbyl radicab. which may be substituted for at least one hydrogen atom in the cydopentadienyl 
radical. wSt contain from 1 to 20 carbon atoms and indude straight and branched afkyf radicab. cydic hydrocar- 
bon radicals, alkyl-subslihiled cyclic hydrocartwn radicals, aromatic radicab and alkyl-substituled aromatic 
radicals. Suitable organometalloid radicab indude mono-. d»- and Irisubstituted organometalloid radicals ol 
Group 14 elemenis wherein each of the hydrocarbyl groups contain from 1 to 20 carbon atoms. More partial- 

45 lady, suitable organometalloid radicals include trimethytsByl. triethylsayl. ethyldlnethybilyl. methyldiethylsByl. 
friphenylgermyl. trimelhylgermyl and the like. 

Most highly prefened derivative compounds are amidosaane- or amidoalkanediyi- compounds conespond- 
ing Id the formula: 
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wherein: 

M is thaniufn or ziiconhim. bound to an ij^cydopentadiertyl group; 

R* each occurrence is indepentf entty selected from hydrogen. sSyt, alkyl. aryl and combinations thereof 
having up to 10 carbon or silicon atoRis: 
5 E is silioon or carbon; 

X independently each occunence is hydride, alkyl. or aryl of up to 10 carbons; and 
inislQr2. 

Examples of the above most higMy prefened metal coonfination oompounds Indude oompounds wherein the 
on the arnkto group ts methyl, ethyl, propyl butyl, pentyl. hexyl. including isomers), norbomyl. benzyl, phenyl. 

10 etc^ the cydopentadienyl group b cydopentadienyl. indenyl. tetrahydioindenyt. fluorenyl. oclahydroRuorenyl. etc; 
R on the foregoing cydopentadienyt groups each ooourrenoe is hydrogea methyl, ethyl, propyl, butyl, pentyl, hexyl. 
(mduding isomers), norbomyl, benzyl, phenyl, etc; and X is methyl, neopentyl, trimethyls3y!. norbomyl. benzyl 
methylbenzyl, phenyl, etc Specffic oompounds indude: (teiVbutyl3mtdo}(tetramethyl-T)^<ydopentadienyl)-1.2- 
elhanediytziroonium dimethyl. (teft4)utylarnkJoXtetiamethyl-n*<ycloperitadienyl>1, 2-ethanediyltitanium (fimethyl- 

15 benzyl (me1hylamido}(letrBmethy(-Ti^<yclopentadienyl)>1,2-«{hanediylzi^ dibenzhydryl, (methytanudo)(te<- 
rameIhyl-tj*^opentadienyl)-1.2^thane<ftyltitanhjm dineopertyl. (cthylamidoMlctramethyl-Ti*-cydDpentadie- 
nyt^nethylenetitanium diphenyl. ((ert-butylamido)dibenzyl(tetramethyl-i)S<yclopenladienyl)siIanezircontum 
dibenzyl. (benzylamido)dimethyl-(tetr8methyl-Yi^-cydopenladienyl) silanetilanium di(tnmthy{silyl} and (phenyk 
phosphido)dimethyt(tretramelhyl-r)&-cydopentadienyl)sianezirconium dibenzyl. 

30 In the most preferred embodiment -Z-Y- is an amidosOane or amidoalkane group of up to 1 0 nonhydrogen 
atoms, that is. (ler1>butylamidoXdtmethylsQyl). (tert-butytamido)-1-ethane-2-yl, etc 

Derivattve compounds which may be used in the preparation of the improved catalyst of this invention are 
covalenDy bonded metal compounds that are either devoid of reactive hydrogens {other than hydride leaving 
groups. X) or wherein potentially readive hydrogens are protected by bulky protecting groups. Examples of 

2S suitable organyl substituents on such metal derivative compounds indude norbomyl. neopentyl. tnmethvlsflvt 
and diphenylmethyl. flluslratrve. but not limiting examples of suitable derivative compounds indude: tetranor- 
bomyltitanium, tetrabenzytzirconium. tetraneopentyltitanium. diphenoxybis{trimethylsi)yl)zirconium. bis{ZS- 
diisoprDpyM-methyl)phenoxy)di ttenzyll itan iun\ tr ilertt>u ty Is B ox y)tr imethylzirconium. d imetho^iydibenzhydryl' 
titanium. bis(2.4.6-t7imethy1ptienoxy)dil>enzyititanium. txjtoxytTis((bimethytsi)yl)rnethyl)zin;onium. dinort)ornyl- 

30 . dimethyltitanium. tr&enzyltitanium hydride, etc; cydopentadienyt and bis(cydopentadrenyl) metal compounds 
such as bis(cydopentadieny1)din>ethy)zirconium. cyclopentadienyltnbenzytzirconium. cydopeniadienyt- 
trimethyltitanium. cydopentadienyltrimethytzirconium. bis(cydopentadienyl} dineopeniyltilanium, cycioperK 
ladienyltri(diphenytmethyl)zirconium, bis(c y dope ntadie nyl)diphenylziroon ium, cy do pentadie nyltrineopentyl- 
tilaruum, bts(cydopentadienyl)di(rrvtolyl)zirconium. biscydopentadierTyldi(p-to!yl)zirconium; hydrocarby1>sut>- 

35 stituted cydopentadienyl 6f bis(cydopent3dienyl) compounds such as (pentamethytcydopentadienyl)-(cyc* 
lopentadienyl) dimethylzirconium, bis(ethytcyclopentadieny1)dimethylz'Dconium, (penlamethytcydoperv 
tadienyt}tribenzyizirconlum, ln-butylcydopentadieny1)t7ineopentyltitanium. - cydopentadienyldimethyHitanium 
hydride, bis(cydopentadienyl)bis(diphenylmethy))ziroonium. bts(tef1-buty1cydopentadienyl)bis(tnmethy)> 
sDylmethyl)zirconium, bs<cydohexylcydopentadienyl) dimethylzffconiunx (benzyfcydopentadienyl)di(rr>-to- 

40 lyl)methyl titanium. <diphenylcydopentadieny{)dinorbomylmethylzirconium. bts(methylcydopenladienyl)diphe> 
nylzirconium, (tetraethylcyciopentadienyl)tribenzyizirconium. {propylcydopentadienyt) (cydopentadienyl) 
dimethytzirconium, t>is(propylcydopent8dienyl)dtmelhytzirooniurrv (n-butylcycbpentadienyl) dimeihyl(rvbu- 
toxy)tjtanium. cydopentadienytdiphenylisopropoxyzirconium, cydohexytmethyfcydopentadienyt) cydopen- 
tadienyl dibenzylziroonium. bis((cydohexyl)methylcydopentadienyl)dibenzy1zircontum. bis(cyclopentadienyl) 

45 zirconium dihydride. benzytcydopentadjenytdimethylhafnium. bis(indenyl)d3>enzylzirconium. (ten-butyfami- 
do)dimethyl(tetramethyl-T}&-cydopentad)enyl)silane dibenzylzirconium. (benzytamido)dimethyl{tetraethyl-i}^ 
cydopentadienyl)silane dibutyltitanhAn. and the like: metal hydrocartyl- substituted cydopentadienyl metal 
oompounds such as ((trimethytsi}yl)cydopentadieny1)trimethytzjrconium. bis((tnmeihylgenny1)cydopen> 
t3dienyl)dimethyliitaniv*n. {(trimethytstannyl)cydopentadienyl)tiibenzytzirconwm. ((pentatrimethy1siIyl)cydopen- 

50 ladienylXcydopentadienyI)dimethytzirconitfn. bis<(trimethylsilyOcydopentadienyl)dimelhylziroonium. pert- 
ta((trwnethylsi>yl)cydopefltadienyl}tn'benzyttitaniun\ t)is({tnnrtethylgenTiyl)cydopent3dienyl)diphenylhafnium: halo- 
gen-substitutad cycbpentadienyt oompounds such as «trifIuoromethyl)cydopentadienyfXcydopen- 
ladienyl)dimethytzirconium. bis((trtfluoromethyt)cydopentadienyl)dinorbomylzirconium. ((trifluoromethyl)cyc- 
iopen1adtenyl)triben7ylziroonium; sDyl-substituted (cydopentadienyl)metaS compounds such as bis(cydopen- 

55 tadienyl)di(trimelhylsiIyl)zirooniufTK cydopentadienyltri(pheny1dimethyts3yl)zirconium: bridged cydopen- 
tadienyl-mebl compounds such as methylenebis((cydopent3dienyl)dimethytzirconium), ethylene- bis-((cyc^ 
lopenSBdieny1)dibenzylzirconlum). (dimethyts!iylene)-bis-<(cyclopentadieny1) dimethyltitanium). methylene-bis- 
(cydopentadienyl) di(trlmethylsiyl)2irconlum. (dimethyteBylene) bis(cyclopentadienyldineopentylhafnium). 
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ethylene-biHtetrBhydnorndenyi}-zhooniumdibenzyl and diinelhylsaylene(fluorenyl)(cyclopentadieny1>-tilanium 
dimelhyt. 

Other compouftds which are useful in the catalyst compositions of this inventbn, especially compounds 
containing other Group 4 or Lanlharnde metals. wiD. of course, be apparent to those sidled in the art 

9 Compounds useful as oxidizing agents in the preparation of the conq)Ounds of this invention will comprise 
a cationic oxidizer, and one or more compatlttle noncoordinating anions, as previously explained. 

In a prefened embodiment A-« of previous formula (I) comprises an anion which is a single coordination 
complex comprising a plurality of lipophlic radicals covaJently ooordinated to and shielding a central formally 
charge^aring metal or metafloid atom, which anion is bulky and stable under the oxidation and subsequent 

10 pdymerizatjon conditions, and which anion is compatible with and noncoordinaUng towards the rBSulUng Group 
4 or Lanthanide metal containing catalyst The anion is employed only to provide charge balance without inter- 
fering with the oxidizing ability of Ox** or the catalytic properties of the resulting catalyst. Any metal or metalloid 
capable of forming a coordination complex which is stable under the reaction conditions of the present Invention 
may be contained In the anion. Suitable metals include, but are not limited to, aluminum, gold and platinum. 

15 Suitable metalloids indude, but are not linuted to. boron, phosphorus and siicon. Oxidizing agents containing 
anions comprising a coordination complex containing a single boron atom are most preferred. 

Anions comprising boron which are particulariy useful in the preparation of catalysts of this invention may 
be represented by the following general formula: 

20 ¥vherein: 

B is boron in a valence state of 3; 

Xi to X4 are the same or different nonreactive. organyl or silyl radicals containing from 6 to 20 carix>n 
or sU'con atoms. In addition two or more of X| to X4 may be linked to each other through a stable bridging group. 
Preferably X| to X« lack reactive hydrogen moieties. Thai is. the radicals are either devoid of hydrogen, contain 

;s only hydrogen in nonactivated positions or contain sufTicient steric hindrance to protect potentially active hyd- 
rogen sites. Exarrqjles of suitable radicals for X| to X« are peiflut^nated hydrocarbyl radicals containing from 
6 to 20 carbon aton>s. 3.4.5-trif)uorophenyl. etc. 

A most highly prefened compatible, non-coordinating, anion is tetra(penlafiuorophenyt)borate. 

Suitable organic cationic oxidizers for use aooordlng to the present invention include ferrocenium ions, bis- 

30 indenyl Fe(lll) bns, and cationic derivat'n^es of substituted lenocene. and the like molecules. Suitable metal 
cationic oxidizers include Agr*. Ptf*'. Pt*'. Hg*', Hgj''^ Au* and Cu*. Most prefened cationic oxidizers are fer- 
rocenium and Ag*^ cations. 

illustrative, but not limiting, examples of oxidizing agents in the preparation of the improved catalysts of 
this invention are ferrocenium tetra(pentafhjorophenyl)borate. gold (i) tetrakis 3.4.5-trinuorophenyi borate, stl- 

35 ver tetra(penlaf}uorophenyt)borate and 1.1''dimethylfenrocenium tetrakis S.S-bistrifluoromethylphenyt borate. 
SimSar lists of suitable compounds containing other metals and metalloids which are useful as oxidizing 
agents (second components) could be made, tnit such lists are not deemed necessary to a complete disclosure. 
In this regard, it should be noted that the foregoing list is not intended to be exhaustive and other boron conv 
pounds that would be useful as well as useful compounds containing other metals or metalloids woirid be readily 

40 apparent, from the foregoing general equations, to those skilled in the art 

Without wishing to be bound by any particular theory of operation it is believed that the cationic oxUizer 
causes the molecular oxidation of the Group 4 or Lanthanide metal derivative, and in the process t)ecomes a 
neutral species. The oxidized metal derrvatrve loses a hydrogen or hydrocarbyl radical (.R) tvy a unimolecuiar 
elimination reaction. Two or more such radicals fonn a hydrogen molecule or a neutral organic species of the 

45 fdrmula R, wtiere x is an integer greater than or equal to 2. These byproducts are of course neinral or nonin- 
teifering with any subsequent polymerizatbn reaction and may also be removed from the reaction mixture. This 
resuti Is much preferred to previously known processes for catalyst activation which resulted in the formation 
of an amine or sImSar reaction byproduct 

It should be noted that the two compounds combined for preparation of the active catalyst must be selected 

50 so as to avoid transfer of a fragment of the anion, particularly en aryt group, to the metal cation, thereby forming 
a catalytically inadrve species. TT»s coukf be done by steric hindrance, resulting from sut>stitiitions on the 
groups attached to the Group 4 or tanlhanide metal as weD as substitutions on the aromatic carton atoms of 
the anion. II follows, then, that Group 4 and Lanthanide metal compounds (Hrst component) comprising, for 
example, perhydrocarbyksubstituted cyclopentadlenyl radicals could be effedrvely used with a broader range 

55 of second compounds than could first components comprising less bulky radicals. As the annount and size of 
the ntetal substituents are reduced, however, more effective catalysts are obtained with second compounds 
containing anions which are more resistant to degradation, such as those with substituents on the meta and/or 
para positions of the phenyl rings. Another means of rendering the anion more resistant to degradation Is affor- 
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ded by fluorine subsfitution. especially perfluorosubstitution. in the anion. Second components containing fluo- 
ro-substituted stabHizing anions may. then, be used with a broader range of ffst components. 

In general, the cataiyst can be prepared by combining the two components in a suitable solvent at a tenv 
perature within the range from *100X to 3(NrC. 

s Trie catatyst may be used to polymer ce o-olefins and/or acelylenicany unsaturated monomers having from 
2 to 18 carbon atoms and/or diolerms having from 4 to 18 carbon atoms either alone or in combination. The 
catalyst n^y also be used to polymerize o-olefins. diderins and/or aoetylentcally unsaturated monomers in 
combination with other unsaturated monomers. In general, the polymerization may be accomplished at condi- 
tions weD known in the prior art for Ziegler-Natta or Keminsky-Sinn type polymerization reactions, that fe. leirv 

10 perahires from 0 to 250*0 and pressures from atmospheric to 1000 atmospheres (1 00 MPa). Suspension, sol- 
ution, slurry or other process condition may be employed if desired. A support may be employed but preferably 
the catalysts are used in a homogeneous manner. It will, of course, be appreciated that the catalyst system 
w3i fonn In sBu if the components thereof are added direcUy to the polymerization process and a suitable solvent 
or dDuent including condensed monomer, is used In said poiymerizatbn process. It is. however, prefened to 

15 fonn the catalyst in a separate step In a suitable soh/ent prior to adding the same to the polymerization mixture. 
As indicated supra, the improved catalyst of the present invention wiD. preferably, be prepared in a suiable 
solvent or d3uent Suitable sohrents or diluents indude any of the solvents known in the prior art to be usefirf 
as so^ent5 in the polymerizatjon of olefins, diolefins and acetylenically unsaturated monomers. Suitable sol- 
vents include straight and branchcd-chain hydrocarbons such as isobutane. butane, pentanc, hc»ane. heptane. 

20 - odane. and mixtures thereof; cydic and alicydic hydrocarbons such as cydohexane. cydoheptane. methyl- 
cydohexane. methylcydoheptane. perfluorinated hydn>carbons such as pcffluorinated C*.,o alkancs and 
aromatic and alkyVsubslituted aromatic compounds such as benzene, toluene and xylene. Suitable solvents 
also indude liquid olefins which may act as monomers or comonomers induding ethylene, propylene, 
butadiene, cydopentene. 1-hexane. 3^nethyl-1-penten8. 4-melhyl-1-peniene, 1.4.hexadiene. 1-octene, 1-de- 

» cane, styrene, divinylbenzene. allylbenzene and vinyltduene (induding all isomers alone or in admixture). 

It is believed that the active catalyst spedes of the present invention contains a metal center which ccnier 
remains cationic, unsaluraled and has a metalcarbon bond which is reactive wHh defins. diolefins and 
acetylenically unsaturated compounds. Also associated with this metal center is a charge balandng anionic 
remnant of the fonmiia A'. 

30 The catalyst fomied by the method of this invention may be retained in sdulion or separated from the sol- 
vent, isdated. and stored for subsequent use. As previously indicated supra, the catalyst may also be prepared 
in sHu durftig a polymerizalion reaction by passing the separate components into the polymerization vessel 
where the components wiD oontad and read to produce the improved catalyst of this invention. 

The equivalent ratio of derivative of a Group 4. or Lanthanide metal cornpound to oxidizing agent compound 

35 employed is prBferaWy in a range from 0.1:1 to 10:1. more preferably from 0.75:1 to 2:1 . most preferably 1.0:1.0. 
In most polymerization reactions the equwalent ratb of calalysljpdymerizable compound employed is from 
10-«:1 to 10-':1. mora preferably from 10-M to 10-«:1. 

A benercial feature of some of the catalysis of this irrventlon. particularly those based on :monocyclopen- 
tadienyl subsUluled titanium compounds in combinatton with an oxidizing egent comprising boron, is that when 

40 thecat^ls of this Invention am used to copolymerize a-defms, either alone or in combinatton with didefins. 
the amount of higher molecular weight olefin or didefin incorporated Into the copdymer is significantly 
inoeased when compared to copdymers prepared with the more conventional Ziegler-Natta type catalysts. 
The relative rates of reaction of ethylene and higher o-defins with the afr)rementioned titaniunvbesed catalysts 
of this frivantlon ara so slnte that the monomer distribubon in oopdymers prepared with the catalysts of this 

45 invention may be oonlnlled by the ratio of monomeric reactants. 

'Addition pdymerizable monomefs' usefully pdymerized according to the present inventnn indude, for 
example, ethylenically unsaturated monomers, acelylente compounds, conjugated or nonconjugaled dienes. 
pdyenes. carbon monoxide, etc Preferred monomers mdude the Ca.io o-defins especially ethylene, pro- 
pylene, isobulylene, 1-butene. 1-hexene. 4-methyl-1-pentene, and 1-octene. Other prefened monomers 

so bidude styrene. halo- or alkyi substihited slyrenes. tetrafluoroethylene. vmylbenzocydobutane. and 1.4-hexa- 
diena. 

In generd. catalysts can be sdected so as to produce polymer products which win be f^ee d certain trace 
^purities such as aluminum, magnesium and chloride generally frwnd in pdymere produced with Ziegler-Natta 
type catalysb. The pdymer preduds produced with the catalysts of this invention should, then, have a broader 
Si range of applications than polymers produced with more conventional Zie^er-Natta type catalysts comprising 
a metd alkyI such as an dumimim alkyl. 

Having desoibed the invention the fr>nowing examptes are provided as hirther illustration thered and are 
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not to be construed as limitifig. Unless stated to the canlrary aO parts and percentages are expressed on a 

weight basis. 

Example 1 

5 

A cal^ysl mixture was prepared by combining 50 micromdes of bt5(cycIopenladienyl)dibenzyl2irconhtm 
and 50 micnomotes of terroccnium pcrfJuorotctraphenyl borate in 50 ml puriTied and deaerated toluene. The 
nwrture was agitated for approximately 30 seconds unti the blue fenocenium coloration was discharged. 

10 Polymerization 

The catalyst was combined with a mixture comprising 2 L of mixed alKane sofvenl (Isopar E** avaBabte 
from Exxon Chemicals Inc.). 75 mJ at 50 psi (350 W>a) of hydrogen, and ethylene (31 atmospheres. 3.1 MPa) 
in a 4 L reactor. The rcadants were previousfy deaerated and purified and the reactor contents were heated 
1$ to ITO-C. Ten milliliters of the catalyst solution of Example 1 were added. An urvnediate rapid uptake of 
rrthylene and considerable rise in reactor temperature occuned. (The ethylene uptake was greater than 100 
g per minute and the temperature rise was greater than 17*C). Al the end of a 10 minute reaction period the 
reactor contents were removed and devolatilized leaving 46 g of high density polyethylene. 

» Example 2 

To 25 ml of deaerated purified toluene, 25 micromoles of (teft-butylamido)dtmethy4(tetramethyf-i|> cyc- 
lopent8dienyl)snenediben2ylztrconium and 25 micromotes of fenocenium perfiuontetraphenyl borate were 
added. The mixhire was agttated for approximatety 1 minute until the blue color of the solid fenocenium salt 
75 was discharged. 

Polymerization 

A 4 L reactor was charged with 2 L of mixed alkane sohrent (Isopar E'*^ and 300 ml of 1-octene, heated 
30 to 150*C and pressurized with ethylene to 31 atmospheres (3.1 MPa). A» components had been previously 
deaerated and purified. 20 ml of the above catalyst solution were added resulting in an immediate rapid uptake 
of ethylene and a large rise in reada lempcrahire (appiox'tfnately 50 g per minute ethylene uptake and tem- 
per alure rise of 26'C). At the end of a 10 minute period the reactor contents were removed and devdatBized 
leaving 78 g of ethytene/1>octene copolymer. The 1-octene conient of the polymer was 7.5 mole percent as 
» determined t}y mass balance. 

Examples 

A catalyst solution vi^s prepared by mixing 10 miCTomolcs each of (tertbutylamido)dimethyl (i)<>>2.3.4.5- 
40 tetrameihylcydopentadienyl)s9ane dibenzyl titanium and fenocenkim peifluorotetraphenytborate in 5 millilitefs 
of toluene. After thirty seconds of agitation the blue ferrooenkim had been consumed and a greenish brown 
solution formed. 

Polymertzaclon 

«s 

Addition of this catalyst solution to a stirred (500 rpm) two liter reactor containing Isopar-E (1000 rrt). 1- 
odene (200 ml), hydrogen (50 ml @ 50 psi. 350 kPa) and ethylene (saturated @ 450 psi. 3 MPa) St 130«C 
resulted In a 40'C temperature rise. Ten minutes after addition of the catalyst sokition to the reactor the contents 
were removed from the reactor and the votatSes stripped to give 104 g of linear low density pdlyethylene. 

80 

Example 4 

A catallst mbrture was prepared fcom 10 mioomoles each of fcrrocenium pcrfluorotctraphenylborate end 
2-(i)»<ydopentadienyl>2*(i|Muorenyl) propane dibenzyl zirconium in toluene (5 ml). A greenish solution was 
5S obtained after 1 minute of agBatiOQ. 
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Polymenzatfon 

This catafysi soJulion was then added to a stired (500 ipm) 2 Bter rcactof containing piopylene (200 g). 
Isopai-E (600 irt), and l-odene (200 ml) at WfC. A temperature rise of lO^C occuned upon addition of catalyst 
and was maintained fof 3 minutes despite circulation of a -10*C ethylene glycd/water inixture through the reac- 
Ic/s internal cooltng coils. After 30 minutes the contents of the reactor were removed and devolatlized to give 
167 g of dear, ntbbery. syndiotacUc propyleneTI-octene copolynwr. 



Claim* 

1. A process (or preparing an addition polymerization catalyst of the fonmila: 

t^MX^A-. 

wherein:- 

l independently each occurrence to a ligand or Dgand system; 

M is a melaJ of Group4 or the Lsnthanide series of the Periodic Table of the Elements; 

X is hydride or a hyflrocartyl, siyi or gemiyl group having up to 20 cartwn. sBicon or germanium 

atoms; 

f 15 an integer greater than or equal to 1. and 

A' is a monovalent compatible noncoordinating anton, 

comprising contacting a deiivaiive of a Group 4 or Lanthanide metal corresponding to the formula: 
wherein> 

t. r, M and each X independenlly are as defined above with an oxidizing agent wh'ch in reduced 
form is noninterfering with the resulting catalyst, said oxidising agent corresponcfing to the (ommla: 

(0«-)t(Al, 

wherein:- 

Ox** to a non>6ronsted add. cationic oxidizer having a charge of (♦a) capable of oxidizing the derv 
vathre of a Group 4 or Lanthanide metal; 
A~ to as previously defined; and 
b and d are integers selected to provide charge balance. 

2. A process as daimed in Clabn 1 . wherein the cationic oxidizer has an oxidation potential of at least «0.20 
volL 



3. A process as claimed in Claim 2. wherein the cationic oxidizer has an oxidation potential is ai least 40^5 
vdl 

4. A process as daimed in any one of the preceding dasns. wherein Ox** to selected from ferrocenium; bis- 
indenyl Fe(lll); cationic derivatives of substituted fenocenium; and metallic cations. 

5. A process es daimed in Claim 4. %ifherBin Ox** is fenocenium or Ag* \ 

& A process as daimed In any one of the preceding daims. wherein A' to: 

IBX^jXjXJ" 

wherein: 

D to boron in a valence slate of 3. 

X, to X4 are the same or differenl nonreactive. aganyl or silyl radicals containing from 6 to 20 caitxm 
or sTicon atoms and optionalty twoor more of X, to X4 may be lirAed to each other through e stable bridging 
group. 

7. A process as daimed in Cla im 6. wherein X,. X3. X,, X4 are perfhjorinaled hydrocarbyl radicafs oontatning 
from 6 to 20 carbons. 

ft. A process as daimed in any one of the preceding daims. wherein M to titanium oi zirconium. 



9, A process as daimed in any one of the preceding daims, wherein L to: 

a) an anionic Itgand selected from the group constoling of, R, .R'(OR').OR. (OR').OR. -PR,. -SR. -OR, 
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•NRj. hy(JridB, and oiganomelalloid radicals comprising a Gfoup 14 element wherein each of ihe hyd- 
rocartyl substtluenls conlained In ihe organic pcnion of said organometalloid. independently, contains 
from 1 to 20 carton atoms, wherein 

R is 8 hydrocarbyf, sSyl. germyl or a substituted hydrocartyl. silyl. or geimyl group of from 1 to 
24 cartxMi, sBicoa or germanium atoms; 

R'lsCx.ioatkytene. and 

m is an integer from zero to ten; or 
b) a neutral donor ligand selected from the group consisting of. ROR. KRj. PR,, and SRj wherein R b 
as abova doTned. 

10. A process as daimed in any one of the preceding daims. wherein L is a derivative of a substituted eye- 
lopentadienyt group imparting a constrained geometry to the metal active site and containing up to 20 
nonfiydrogen atoms. 

11. A process as daimed in Ctatm 10, wherein Lf MX] corresponds (o the fbnnula: 




(1)2 

wherein: 

M is titanium or 2bconium; 
X is as defined In Qaim 1; 

Cp* IS a cydopenladieriyl or substituted cydopentadienyl group bound in an bonding mode to 

M: 

2 is a divalent moiety comprising oxygen, boron, or a member of Group 14 of the Periodic Table of 
the Elements: and 

Y is a (inking group comprising nifrogen. phosphonis. oxygen or sulfur or optionally Z and Y logelher 
fonn a fused ring system. 

1Z A process as daimed m Oaim 1 1 . wherein each X independently is hydride, alkyl oi aryt of up to 10 carbon 
atoms; Y is NR'; and Z is {tH'j^, wheiein each R' independently is hydrogen, siiyt, alkyl. aryl or a conv 
bination thereof having up to 10 carbon or sHicon atorr^: and m is 1 or 2. 

13. A process as daimed in any one of the preceding daims, wherein X is hydride or C,-Cio hydrocartyl. 

14. A process as daimed in Claim 13, wherein X is benzyl. 

15. An addition potymerizatjon catalyst substantially lacking in amine or phosphine byproduds and corre- 
sponding to the formiia* 

LfMX'A*. 

wherein: 

L independently each occurrence is a ligand or ligand system: 

M is a metal of Group 4 or L^nthanide series of the Periodic Table of the Elements; 

X is hydride or a hydrocartyl. siyi or germyl group having up to 20 carton. sBicon or germanium 

atons; 

f is an integer greater than or equal to 1; and 

A' is a monovalent compatible noncoordtnating anion. 

16. A catalyst as daimed in Claim 15. wherein L f . M. X. and A' are as defined in arvy one of Clams 1 to 14. 

17. The use as an addition polymerization catalyst of a catalyst as claimed in Qaim 1 5 or Qaim 16 or obtained 
by a process as daimed in any one of Claims 1 to 14. 

ia A catalytic addition polymerization process characterized in that the catalyst is as claimed in Claim 15 or 
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Clam 16 or obtained by a process as deimed in any one of Clabns 1 to 14. 
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